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(54) Tire air pressure monitoring system 

(57) A tire air pressure monitoring system includes 
transmitters (3) and a receiver (4). The transmitters (3) 
wirelessly transmit data regarding the inner pressure of 
tires (2) and the receiver (4) receives the data from the 
transmitters (3). Each transmitter (3) has its own ID 
code and includes a pressure sensor (1 1) for measuring 
the inner pressure of the corresponding tire (2). Every 
time each pressure sensor (11) measures the pressure, 
the corresponding transmitter (3) generates a time inter- 
val by performing a pseudorandom number calculation 
based on the measured pressure and its ID code. The 
pressure sensor (11) will measure the pressure each 
time the obtained time interval elapses. When each 
pressure sensor (11) measures the pressure for a pre- 
determined number of times, the corresponding trans- 
mitter (3) wirelessly transmits data. This system 
prevents the transmitters (3) from interfering with one 
another and facilitates the manufacture of the transmit- 
ters (3). 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to an air pressure 
monitoring system that wirelessly transmits information 
regarding tire air pressure. 

[0002] Wireless tire air pressure monitoring systems 
for allowing a driver in a vehicle passenger compart- 
ment to check the pressure of vehicle tires have been 
proposed. One such monitoring system includes trans- 
mitters and a receiver. Each transmitter is located in one 
of the wheels and the receiver is located in the body 
frame of the vehicle. Each transmitter detects the pres- 
sure of the associated tire and wirelessly transmits the 
detection information. The receiver receives information 
from the transmitters and displays the information 
regarding the pressure of each tire on, for example, a 
display located in front of the driver's seat. 
[0003] The transmitters are located in the tires. Each 
transmitter transmits information regarding the pressure 
of the associated tire to the common receiver. The 
receiver must distinguish signals from the tires. There- 
fore, a transmitter having its own specific ID data, or ID 
code, has been proposed. The transmitter transmits air 
pressure data with its own ID code attached, which per- 
mits the receiver to identify the transmitter based on the 
ID codes. 

[0004] In a typical monitoring system, each transmitter 
transmits detection data to a receiver at predetermined 
intervals. The intervals are previously programmed in a 
microcomputer in each transmitter. 
[0005] The time intervals stored in each microcom- 
puter have the same fixed value. Therefore, all the 
transmitters transmit signals at the same time intervals, 
which increases possibility that two or more transmitters 
transmit signals at the same time. In this case, the sig- 
nals interfere with one another, and the receiver cannot 
properly receive the signals. 

[0006] A typical automobile has four transmitters, 
each of which is provided in one of the tires. It has been 
confirmed that there is a 0.017% chance of interference 
of signals if each transmitter transmits signals every ten 
minutes and the duration of each transmission is 192 
msec. 

[0007] As described above, intervals of signal trans- 
missions are fixed and the same for each microcom- 
puter. Thus, once two or more transmitters have the 
same signal transmission timing, the matched timing 
will be maintained for relatively long period. Accordingly, 
the receiver cannot properly receive signals for rela- 
tively long time. 

[0008] To solve this problem, Japanese Unexamined 
Patent Publication No. 8-505939 discloses a system for 
differentiating transmission intervals, which are pro- 
grammed in the microcomputers of the transmitters. 
This method reduces the chance of coincidence of sig- 
nal transmissions and prevents matched timings from 



being maintained. However, programming different 
interval data to each transmitter is troublesome and is 
not suitable for mass production of transmitters. 
[0009] Further, it is impossible to differentiate trans- 
5 mission timings of all the transmitters, which are mass- 
manufactured. Therefore, two or more transmitters hav- 
ing the same transmission timing may be mounted on 
one automobile. 

[0010] ID codes, which are allotted to each transmit- 

io ter, are useful to identify the transmitters. However, the 
receiver must be able to distinguish a different ID code 
from each transmitter. The apparatus of Publication No. 
8-505939 executes a registration process for relating 
the ID code of each transmitter to the position of the 

is associated tire. Specifically, when manufacturing an 
automobile, the transmitters are actuated by putting a 
magnet near the tires. The actuated transmitters trans- 
mit learning signals, which include an ID code, to the 
receiver. The ID code of each transmitter is registered in 

20 the receiver. 

[0011] However, the system of Publication No. 8- 
505939 requires a person to perform the registration 
process and a special programming tool, or magnet. 
Therefore, registration of ID codes in the receiver is 

25 troublesome. Further, the registration process needs to 
be performed after a service to the vehicle, such as a 
change of tires. This complicates the maintenance of 
the vehicle. 

[0012] Japanese Unexamined Patent Publication No. 

30 9-21 0827 discloses a system for automatically renewing 
ID codes of transmitters registered in a receiver. Specif- 
ically, the receiver receives ID codes from four transmit- 
ters attached to four tires of a vehicle and stores the 
received ID codes as main ID codes. When receiving ID 

35 codes other than the main ID codes, the receiver stores 
the received ID codes as backup codes. When the 
receiver cannot receive one of the main ID code, the 
receiver deletes that main ID code, or inactive ID code. 
The receiver then selects an active ID code, which is 

40 constantly received, among the backup ID codes and 
renews the deleted ID code with selected backup ID 
code. 

[001 3] The system of Publication No 9-2 1 0827 judges 
that a certain main ID code is inactive when the main ID 

45 code has not been received in a relatively short period. 
Therefore, even if there is no lasting malfunction in a 
transmitter, for example, it the ID code of the transmitter 
is not received by the receiver due to an external cause 
such as fading, the system judges that the main ID code 

so is inactive. The system then replaces the main ID code 
with a backup ID code, which is actually unnecessary, 
which hinders proper communication between the 
transmitters and the receiver. 



[0014] Accordingly, it is an objective of the present 
invention to provide a tire air pressure monitoring sys- 
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tern that maintains proper communication between 
transmitters and a receiver. 

[001 5] Another objective of the present invention is to 
prevent transmission signals from multiple transmitters 
from interfering with each other and to facilitate the 5 
manufacture of the transmitters. 

[001 6] Another objective of the present invention is to 
facilitate the registration of the ID codes of transmitters 
in a receiver and to automatically renew the registered 
ID codes. 10 
[0017] To achieve the foregoing objectives, the 
present invention provides a transmitter for wirelessly 
transmitting data regarding the inner pressure of a tire. 
The transmitter includes a pressure sensor for measur- 
ing the inner pressure of the tire, transmitting means for 15 
wirelessly transmitting data including the measured 
pressure, and first commanding means for commanding 
the pressure sensor to measure the pressure. Every 
time the pressure sensor measures the pressure, the 
first commanding means obtains a time interval based 20 
on a pseudorandom number calculation using at least 
data representing the pressure measured by the pres- 
sure sensor. The first commanding means commands 
the pressure sensor to measure the pressure after the 
computed time interval has elapsed. The transmitter fur- 25 
ther includes second commanding means for com- 
manding the transmitting means to wirelessly transmit 
the data every time the pressure sensor measures the 
pressure for predetermined number of times. 
[0018] The present invention further provides a 30 
method for wirelessly transmitting data regarding the 
inner pressure of a tire from a transmitter. The method 
includes measuring the inner pressure of the tire at ran- 
dom time intervals. Each time interval is generated 
based on a pseudorandom number calculation using at 35 
least data representing the measured pressure. The 
pressure is measured when each time interval elapses. 
The method further includes wirelessly transmitting 
data including the measured pressure every time the 
pressure is measured for predetermined number of 40 
times. 

[0019] In another aspect of the present invention, a 
tire air pressure monitoring apparatus, which has a plu- 
rality of transmitters for wirelessly transmitting data 
regarding the inner pressures of respective vehicle tires 45 
and a receiver for receiving the data wirelessly transmit- 
ted by the transmitters, is provided. Each transmitter 
has its own ID code. The data transmitted from each 
transmitter represents at least the measured pressure 
and the ID code. The apparatus includes a memory, an so 
initializing switch and a controller. The memory is 
located in the receiver. The memory includes a registra- 
tion ID table for registering the ID codes of the transmit- 
ters and reception count values. Each reception count 
value corresponds to one of the ID codes. Each recep- ss 
tion count value is used for judging whether the corre- 
sponding ID code registered in the registration ID table 
is valid. The initializing switch is connected to the 



receiver. The initializing switch is manipulated for ini- 
tially registering the ID codes, which are contained in 
data received by the receiver, in the registration ID table. 
The controller is located in the receiver. When a regis- 
tration based on the manipulation of the initializing 
switch is performed, the controller sets each reception 
count value, which corresponds to one of the initially 
registered ID codes, to predetermined maximum count 
value. 

[0020] Other aspects and advantages of the invention 
will become apparent from the following description, 
taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021 ] The invention, together with objects and advan- 
tages thereof, may best be understood by reference to 
the following description of the presently preferred 
embodiments together with the accompanying draw- 
ings. 

Fig. 1 is a diagrammatic view illustrating a tire air 
pressure monitoring system according to one 
embodiment of the present invention; 

Fig. 2 is a block diagram illustrating a transmitter in 
the system of Fig. 1 ; 

Fig. 3 is a block diagram illustrating a receiver in the 
system of Fig. 1 ; 

Fig. 4 is a timing chart showing signal intervals; 

Fig. 5 is a flowchart showing an initializing routine 
executed by the receiver of Fig. 3; 

Fig. 6 is a flowchart showing a reception abnormal- 
ity monitoring routine executed by the receiver of 
Fig. 3; and 

Figs. 7(a) and 7(b) are flowcharts showing a normal 
reception routine executed by the receiver of Fig. 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] A tire air pressure monitoring system according 
to a preferred embodiment of the present invention will 
now be described with reference to the drawings. As 
shown in Fig. 1, the tire air pressure monitoring system 
includes four tires 2 of a vehicle 1 , four transmitters 3, 
each located in one of the tires 2, and a receiver 4 
mounted on the body frame of the vehicle. Each trans- 
mitter 3 is secured to the wheel of the associated tire 2 
such that the transmitter 3 is located within the associ- 
ated tire 2. Each transmitter 3 detects the air pressure of 
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the associated tire 2 and sends a signal containing the 
detection information to the receiver 4. 
[0023] As shown in Fig. 2, each transmitter 3 includes 
a controller 10, which is, for example, a microcomputer. 
The controller 10 includes a central processing unit 
(CPU) , a random access memory (RAM) and a read 
only memory (ROM). The controller 10 is connected to 
an ID generator 10a, which generates a specific ID 
code. The ID code is used to distinguish the associated 
transmitter 3 from the other three transmitters 3. The ID 
generator 10a may be included in the controller 10. 
Alternatively, the ID code may be previously stored in 
the ROM in the controller 1 0. 

[0024] A pressure sensor 1 1 provided in each tire 2 
measures the internal air pressure of the associated tire 
2 and sends data representing the detected pressure to 
the controller 10. The controller 10 sends the received 
pressure data and the ID code from the ID generator 
10a to a pseudorandom number generator 12. The 
pseudorandom number generator 12 performs a pseu- 
dorandom number calculation using the pressure data 
and the ID code to generate a delay time, and sends a 
signal representing the delay time to a detection 
demand circuit 13. The length of the delay time is within 
a predetermined range (the range is between zero to 
one second in this embodiment). Thus, the pseudoran- 
dom number, which is a value representing the delay 
time, varies in the predetermined time range in accord- 
ance with changes in the pressure data or the ID code. 
[0025] The detection demand circuit 1 3 adds the delay 
time sent from the pseudorandom number generator 1 2 
to a predetermined basic detection interval (fifteen sec- 
onds in this embodiment). When the total time (basic 
interval plus delay time) has elapsed, the detection 
demand circuit 13 sends a detection demand signal to 
the pressure sensor 1 1 . The pressure sensor 1 1 detects 
the internal air pressure of the tire 2 in response to the 
demand signal. Data representing the newly detected 
air pressure is sent to the pseudorandom number gen- 
erator 12 via the controller 10. Therefore, the pseudor- 
andom number generator 12 performs a pseudorandom 
number calculation using the new pressure data and the 
ID code thereby generating a delay time. Every time the 
pressure sensor 1 1 detects the tire pressure, the time 
interval until the next detection is changed within a 
range between fifteen seconds and sixteen seconds. 
[0026] The pseudorandom number calculation per- 
formed by the pseudorandom number generator 12 var- 
ies the detection interval of the pressure sensor 1 1 in 
the range between fifteen seconds and sixteen sec- 
onds. In other words, the detection interval is not fixed. 
Particularly, when the vehicle 1 is moving, the internal 
pressure in each tire 2 fluctuates. Thus, detection value 
of the pressure sensor 1 1 continually changes. Since 
the pseudorandom number calculation uses the chang- 
ing detection value, the delay time fluctuates between 
zero to one second. Accordingly, the detection interval 
of the pressure sensor 11 fluctuates in the range 



between fifteen seconds and sixteen seconds. 
[0027] The detection demand signal from the detec- 
tion demand circuit 13 is sent not only to the pressure 
-sensor 11 but also to a counter 14. The counter 14 

5 counts the times that the detection demand signal is 
input, or the number of detections by the pressure sen- 
sor 1 1. The counter 14 clears the count value when the 
number of signal inputs (the number of pressure detec- 
tions) reaches a predetermined number (forty in this 

10 embodiment) and sends a high (H level) overflow signal 
to an OR circuit 15. 

[0028] The OR circuit 1 5 also receives transmission 
demand signals from the controller 10. The OR circuit 
15 sends a transmission command signal of an H level 

75 to a transmission circuit 16 when either the overflow sig- 
nal from the counter 1 4 or the transmission demand sig- 
nal from the controller 10 is high (H-level). The 
transmission circuit 16 generates transmission data in 
response to a high transmission command signal. The 

20 transmission data includes the ID code supplied from 
the ID generator 10a and the pressure data obtained by 
the pressure sensor 11. The transmission circuit 16 
wirelessly sends the transmission signal to the receiver 
4 through a transmission antenna 1 7. The transmitted 

25 pressure data is based on a value detected by the pres- 
sure sensor 1 1 immediately before the transmission cir- 
cuit 16 receives a high transmission command signal. 
[0029] If the overflow signal from the counter 14 is a 
low (L level) when the controller 10 needs to send infor- 

30 mation to the receiver 4, the controller 10 changes the 
transmission demand signal to a high level. For exam- 
ple, if the air pressure in one of the tires 2 is abruptly 
changed, the controller 10 changes the transmission 
demand signal to a high level. 

35 [0030] Therefore, the pressure data is transmitted 
every fortieth time the pressure sensor 1 1 detects the 
pressure unless the transmission demand signal from 
the controller 10 becomes high. 

[0031 ] The transmitter 3 is driven by electricity from a 

40 battery 1 8. An initial detection of pressure by the pres- 
sure sensor 1 1 is performed, for example, when the 
transmitter 3 is turned on by the battery 18. 
[0032] As shown in Fig. 3, the receiver 4 has a control- 
ler 20, which includes a CPU 21 , a RAM 22, an electri- 

45 cally erasable programmable read-only memory 
(EEPROM) 23. or non-volatile storage. An RF circuit 24 
receives data transmitted from the transmitters 3 
through a reception antenna 25 and sends the data to 
the CPU 21. Based on the ID code and pressure data 

so contained in the received data, the CPU 21 obtains the 
internal pressure of the tire 2 corresponding to the 
transmitter 3 that has sent the data. The CPU 21 also 
displays information regarding the tire pressure and 
other data on a display 26. The display 26 is located in 

55 the view of the driver. 

[0033] The CPU 21 stores an ID code contained in the 
received data into the EEPROM 23. An initializing 
switch 27, which is located at a position that can be 
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reached by the driver, is used when registering ID codes 
in the EEPROM 23. The registration of ID codes by the 
initializing switch 27 witl be described later. 
[0034] Operation of each transmitter 3 will now be 
described with reference to the timing chart of Fig. 4. If 
the count value of the counter 1 4 reaches forty when the 
pressure sensor 1 1 measures the pressure of the asso- 
ciated tire 2 at time t1, the transmitter 3 transmits data 
representing the measured pressure at time t2. On the 
other hand, the pseudorandom number generator 12 
performs a pseudorandom calculation using the pres- 
sure data received at the time t1 and the ID code of the 
transmitter 3 for generating a delay time between zero 
and one second. The generated delay time is added to 
the basic detection interval, which is fifteen seconds. At 
time t3, at which the time corresponding to the sum of 
the basic detection interval and the delay time has 
elapsed, the pressure sensor 11 performs the next 
pressure detection. Therefore, the pressure detection at 
the time t1 and the pressure detection at the time 13 are 
spaced apart by a time interval between fifteen and six- 
teen seconds depending on the value of the pressure 
detected at the time t1. 

[0035] As described above, the pressure sensor 1 1 
repeatedly detects the pressure of the corresponding 
tire 2 at intervals between fifteen seconds and sixteen 
seconds. At time t4, at which the pressure 11 has 
detected the tire pressure forty times from the time tl, 
the count value of the counter 1 4 reaches forty again. At 
time t5, the transmitter 3 transmits the pressure value 
detected at the time t4. Therefore, the time period from 
the time t2 to the time t5 varies between a period com- 
puted by multiplying fifteen seconds by forty to a period 
computed by multiplying sixteen second by forty, or 
between 600 seconds and 640 seconds. 
[0036] As described above, the system of the illus- 
trated embodiment randomly changes the time interval 
between pressure detections by the pressure sensor 1 1 
based on the pseudorandom calculation using the pres- 
sure value detected by the pressure sensor 1 1 and the 
ID code of the transmitter 3. When the pressure detec- 
tion, which is performed with randomly changed time 
intervals, has been performed a predetermined number 
of times, the pressure data is transmitted to the receiver 
4. Thus, the transmission interval is random, which 
increases the number of variation in transmission inter- 
vals. Therefore, the likelihood that two or more transmit- 
ters 3 will have the same transmission timing is almost 
eliminated. Even if the transmission timing of two or 
more transmitters 3 match, the timing will be different at 
the next transmission. 

[0037] The variation of the transmission intervals is 
determined based on the sum of the intervals between 
pressure detections. This system increases the varia- 
tion of the transmission intervals compared to a case 
where the transmission intervals are varied without 
changing the detection intervals. Thus, the illustrated 
system further decreases the likelihood of two or more 



transmissions coinciding. 

[0038] It is not necessary to differentiate the structure 
of the transmitters 3. for example, control programs for 
differentiating the transmission intervals of each trans- 

5 mitter 3 are not necessary. The transmitters 3 have the 
same structure, and the only difference is in the ID 
code, which simplifies the manufacture of each trans- 
mitter 3 and facilitates mass production. 
[0039] Registration of ID codes of the transmitters 3 

10 into the receiver 4 will now be described. The receiver 4 
is activated when a key switch (not shown) of the vehicle 
1 is turned on. If the initializing switch 27 is turned on 
when the receiver 4 is activated, an initial value setting 
routine of the flowchart of Fig. 5 is repeatedly executed 

75 until the switch 27 is turned off. 

[0040] As shown in Fig. 5, the CPU 21 judges whether 
the initializing switch 27 is turned on at step S1 . If the 
switch 27 is not in the on position, the CPU 21 temporar- 
ily stops the routine. If the switch 27 is on, the CPU 21 

20 moves to step S2 and judges whether an ID code from 
any transmitter 3 has been received. The CPU 21 tem- 
porarily stops the routine if no ID code has been 
received. If an ID code has been received, the CPU 21 
moves to step S3 and judges whether the received ID 

25 code exists on a registration ID table in the RAM 22. If 
the received ID code is on the registration ID table in the 
RAM 22, the CPU 21 judges that the received ID code 
has been previously registered and temporarily stops 
the routine. 

30 [0041 ] If the received ID code is not on the registration 
ID table in the RAM 22 at step S3, the CPU 21 judges 
that the received ID code has not been registered and 
moves to step S4. At step S4, the CPU 21 writes the 
received ID code on the registration ID table in the RAM 

35 22 as a registration ID code. At the subsequent step S5, 
the CPU 21 sets a reception count value Cx, which will 
be described later, to a predetermined maximum value 
and writes the reception count value Cx into the RAM 

22. The reception count value Cx is used to judge 
40 whether registration ID codes are valid. 

[0042] At step S6. the CPU 21 writes the registration 
ID code, which was written in the RAM 22, and the 
reception count value Cx to the EEPROM 23 thereby 
renewing the registration ID code. The CPU 21 then 

45 temporarily stops the routine. 

[0043] The vehicle 1 has the four transmitters 3, each 
corresponding to one of the four tires 2. Therefore, the 
registration ID table in the RAM 22 stores four different 
ID codes, each specific to one of the four transmitters 3. 

so When the four ID codes are registered in the EEPROM 

23, the initializing routine of Fig. 5 is terminated. While 
the CPU 21 is executing the initializing routine, the dis- 
play 26 visually displays text information such as signs 
and numbers to indicate the registration ID codes. The 

55 operator performing the initialization can therefore see 
the registered ID code. If the same ID code is received 
more than once, a double registration is prevented. 
Instead, four ID codes, each corresponding to one of 
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the four transmitters 3, are registered. 
[0044] The EEPROM 23 is a non-volatile memory. 
Therefore, if the receiver 4 is disconnected from the 
power source when the key switch of the vehicle 1 is 
turned off. the data stored in the EEPROM 23 is not s 
deleted. When the receiver 4 is turned on, the CPU 21 
reads out all the information including four registration 
ID codes and the reception count value Cx stored in the 
EEPROM 23 and writes the information on the RAM 22. 
[0045] A reception abnormality monitoring routine 
executed by the receiver 4 will now be described. The 
CPU 21 of the receiver 4 continuously monitors the 
reception intervals of each registration ID code while the 
key switch (not shown) of the vehicle 1 is at the on posi- 
tion. Based on the results of monitoring, the CPU 21 
repeats the reception abnormality monitoring routine 
shown in the flowchart of Fig. 6. 
[0046] At step S10, the CPU 21 judges whether there 
is any registration ID code that has not been received 
for a predetermined reference period. The reference 
period is determined based on the maximum transmis- 
sion interval of the transmitters 3. For example, if the 
transmission interval of the transmitters 3 is 600 to 640 
seconds, the measuring time is set to be equal to or 
greater than 640 seconds. When all the registration ID 
codes have been received within the reference period, 
the CPU 21 judges that there is no abnormality in the 
reception and temporarily stops the routine. 
[0047] If there is a registration ID code that has not 
been received in the reference period, the CPU 21 
moves to step S1 1 and decrements the reception count 
value Cx that corresponds the unreceived registration 
ID code. In a subsequent step S12, the CPU 21 clears 
the measuring time of the unreceived ID code and tem- 
porarily stops the routine. Thus, The reception inLerval 
of the unreceived ID code is measured again. If the 
measured time exceeds the reference period again, the 
reception count value Cx of the unreceived ID code is 
decremented again. If the reception count value Cx is 
renewed by the routine of Fig. 6, the renewed reception 
count value Cx is written on the EEPROM 23. 
[0048] A normal reception routine executed by the 
receiver 4 will now be described. The CPU 21 of the 
receiver 4 repeats the normal reception routine of a 
flowchart of Figs. 7(a) and 7(b) while the key switch (not 
shown) of the vehicle 1 is at the on position. 
[0049] At step S20 of Fig. 7(a), the CPU 21 judges 
whether data from any transmitter 3 is received. If the 
determination is positive, the CPU 21 moves to step 21 
and judges whether the ID code in the received data is 
registered in the registration ID table in the RAM 22. If 
the ID code of the received data is registered in the reg- 
istration ID table, the CPU 21 moves to step S22 and 
judges whether the reception count value Cx corre- 
sponding to the received ID code has the maximum 
value. If the reception count value Cx has the maximum 
value, the CPU 21 temporarily stops the routine. If the 
reception count value Cx does not have the maximum 



value, the CPU 21 moves to step S23 and increments 
the reception count value Cx corresponding to the 
received ID code. 

[0050] Although not shown in the flowcharts of Figs. 
7(a) and 7(b), if the received ID code is registered in the 
registration ID table in the RAM 22, the CPU 21 obtains 
the tire pressure of the tire 2 corresponding to the trans- 
mitter 3 that sent the data based on the pressure data 
contained in the received data. The obtained air pres- 
sure is displayed on the display 26. 
[0051] At the subsequent step S24, the CPU 21 
judges whether the reception count values Cx of all the 
four registration ID codes have the maximum value. If 
there is one or more count values Cx that have not 
reached the maximum value, the CPU 21 temporarily 
stops the routine. If all the count values Cx have 
reached the maximum value, the CPU 21 assumes that 
the all the current registration ID codes are valid and 
moves to step S25. The air pressure information based 
on the received data may be displayed when the deter- 
mination is positive at step S24. 

[0052] At step S25, the CPU 21 deletes all backup ID 
codes registered in a backup ID table in the RAM 22 
and temporarily stops the routine. The backup ID codes, 
which will be described later, are registered in the 
backup ID table in the RAM 22 as candidates that are 
likely to replace ID codes in the registration ID table. If 
any one of the ID codes in the registration ID table is not 
valid, the most suitable backup ID code in the backup ID 
table is selected to replace the invalid registration ID 
code. 

[0053] If the ID code contained in the received data is 
not registered in the registration ID table in the RAM 22 
at step S21 , the CPU 21 moves to step S26 of Fig. 7(b) 
and judges whether all the reception count values Cx 
corresponding to the four registration ID codes are max- 
imum. If all the reception count values Cx are maximum, 
the CPU 21 judges that the current registration ID codes 
are all valid and that the received ID code is not needed. 
In this case, the CPU 21 temporarily stops the routine. If 
any one of the reception count values Cx is not maxi- 
mum, the CPU 21 moves to step S27. 
[0054] At step S27, the CPU 21 judges whether the 
received ID code is in the backup ID table in the RAM 
22. If the determination is positive, the CPU 21 moves to 
step 28 and increments a second reception count value 
Cy corresponding to the received ID code. At a subse- 
quent step S29, the CPU 21 judges whether the second 
reception count value Cy has reached a predetermined 
maximum value. If the second reception count value Cy 
has not reached the maximum value, the CPU 21 tem- 
porarily stops the routine. If the second reception count 
value Cy has reached the maximum value, the CPU 21 
moves to step S30. 

[0055] At step S30, the CPU 21 judges whether there 
is any registration ID code corresponding to a reception 
count value Cx that is smaller than a predetermined 
smallest value. If there is no registration ID code corre- 
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sponding to a reception count value Cx that is smaller 
than the predetermined smallest value, the CPU 21 
temporarily stops the routine. If there is any registration 
ID code corresponding to a reception count value Cx 
that is smaller than the smallest value, the CPU 21 5 
judges that the registration ID code is invalid and moves 
to step S31. 

[0056] At step S31, the CPU 21 deletes the registra- 
tion ID code corresponding to a reception count value 
Cx that is smaller than the smallest value from the reg- to 
istration ID table. Also, the CPU 21 judges that a backup 
ID code that corresponds to a second reception count 
value Cy that is maximum is valid and registers the valid 
backup ID code on the registration ID table as a new 
registration ID code. At this time, the reception count 75 
value Cx corresponding to the newly registered ID code 
is set to maximum. Also, the backup ID code that is 
newly registered on the registration ID table is deleted 
from the backup ID table. 

[0057J If the received ID code is not in the backup ID 20 
table at step S27, the CPU 21 moves to step S32 and 
judges whether the number of the backup ID codes in 
the backup ID table has reached a predetermined refer- 
ence number. If the number of the backup ID codes has 
reached the reference number, the CPU 21 moves to 25 
step S33 and deletes the one of the backup ID codes 
that was received the earliest. At the subsequent step 
S34, the CPU 21 registers the ID code received in the 
current routine in the backup ID table and temporarily 
stops the routine. If the number of the backup ID codes 30 
in the backup ID table has not reached the reference 
number at step S32, the CPU 21 moves to step S34 and 
registers the ID code received in the current routine in 
the backup ID table. 

[0058] If the data in the RAM 22 is renewed in the rou- 35 
tine of Figs. 7(a) and 7(b), the renewed data is written in 
the EEPROM 23. 

[0059] If the data from the transmitters 3 of all the tires 
2 are normally received, all the reception count values 
Cx are maintained at maximum values and the count 40 
values Cx that correspond to the registration ID codes 
are not decremented as shown in Fig. 6. Therefore, if 
the ID codes in the received data are not included in the 
registration ID codes, step S26 is determined to be pos- 
itive. That is, the received ID codes are judged to be 45 
unnecessary and are not registered as backup ID 
codes. Thus, if the receiver 4 receives data from trans- 
mitters of an air pressure monitoring system of another 
vehicle while, for example, the vehicle 1 is parked in a 
parking lot with the engine idling, the ID codes from the so 
transmitters of the other vehicle are not registered as 
backup ID codes as long as the air pressure monitoring 
system of the vehicle 1 is functioning normally. 
[0060] If the air pressure monitoring system of the 
vehicle 1 has a temporary malfunction in the wireless ss 
transmission system, ID codes from the transmitters of 
another vehicle may be registered as backup ID codes. 
However, the reception count value Cx are maximized 



again if the malfunction is corrected. Accordingly, the ID 
codes from the other vehicle are deleted (steps S24 and 
S25). 

[0061] When an ID code from another vehicle is reg- 
istered as a backup ID code, the registration ID codes 
will not be deleted unless the ID code from the other 
vehicle is received for a predetermined number of times 
and the registration ID codes are not received for a pre- 
determined number of times (steps S29, S30, S31). 
Therefore, unless a transmitter 3 has a lasting malfunc- 
tion, the registration ID codes are not easily deleted 
even if a malfunction in the wireless system of the vehi- 
cle 1 is not corrected in a short time. In other words, 
necessary registration ID codes are not easily replaced 
with unnecessary backup ID codes. 
[0062] If one of the tires 2 is changed, the data from 
the transmitter 3 of the removed tire 2 does not reach 
the receiver 3. In this case, the reception count value Cx 
corresponding to the ID codes of the removed tire 2 is 
decremented according to the reception abnormality 
monitoring routine of Fig. 6. When the reception count 
value Cx becomes minimum, one of the conditions for 
deleting the registration ID code is satisfied (step S30). 
[0063] Data from the transmitter 3 of a newly attached 
tire 2 is received by the receiver 4. The ID code in the 
received data is initially registered as a backup ID code 
(step S34), and the second reception count value Cy 
corresponding to the backup ID code is incremented 
(step S28). When the second reception count value Cy 
becomes maximum and the reception count value Cx 
becomes minimum, the conditions for replacing the reg- 
istration ID code with the backup ID code are satisfied. 
At this time step S31 is executed. 
[0064] In this manner, when one of the tires 2 is 
changed, the ID code of the removed transmitter 3 is 
automatically deleted from the registration ID codes, 
and the ID code of the newly attached transmitter 3 is 
automatically registered. Therefore, registering new ID 
codes requires no human effort or specially designed 
tools. Further, the illustrated system can accurately 
identify unnecessary ID codes to be deleted and can 
identify backup ID codes to replace the registration ID 
codes. The values of the registration ID codes are initial- 
ized by simply manipulating the initializing switch 27 
located in the receiver 4, which facilitates the operation. 
[0065] When one of the tires 2 is changed, a backup 
ID code that corresponds to the new tire 2 is registered 
instead of the registration ID code of the removed tire 2. 
In other words, the position of the receiver 3 corre- 
sponding to the new registration ID code corresponds to 
the position of the removed tire 2. Thus, the positions of 
the tires 2 in relation to the registration ID codes are not 
changed by changing the tires 2. 
[0066] When there is a lasting malfunction in any of 
the transmitters 3, the corresponding reception count 
value Cx becomes minimized while there is no backup 
ID code or before the second reception count value Cy 
corresponding to the backup ID code has reached the 
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maximum value. This permits the operator to easily 
know which of the transmitters 3 has the lasting mal- 
function. 

[0067] The illustrated embodiment may be changed 
as follows. 

[0068] In the illustrated embodiment the detection 
interval of the pressure detection by the pressure sen- 
sor 1 1 is obtained by adding the delay time computed by 
pseudorandom number computation to the basic detec- 
tion interval. However, the detection interval may be 
obtained by subtracting a time computed by pseudoran- 
dom number computation from the basic detection inter- 
val. Alternatively, the detection interval may be directly 
obtained by a pseudorandom number computation. 
[0069] In the illustrated embodiment, the detection 
interval is calculated by a pseudorandom calculation 
using the ID code of the transmitter 3 and the detection 
value of the pressure sensor 1 1 . However, the detection 
interval may be calculated by a pseudorandom calcula- 
tion using only the detection value of the pressure sen- 
sor 1 1 . 

[0070] Therefore, the present examples and embodi- 
ments are to be considered as illustrative and not 
restrictive and the invention is not to be limited to the 
details given herein, but may be modified within the 
scope and equivalence of the appended claims. 
[0071] A tire air pressure monitoring system includes 
transmitters (3) and a receiver (4) . The transmitters (3) 
wirelessly transmit data regarding the inner pressure of 
tires (2) and the receiver (4) receives the data from the 
transmitters (3) . Each transmitter (3) has its own ID 
code and includes a pressure sensor (1 1) for measuring 
the inner pressure of the corresponding tire (2) . Every 
time each pressure sensor (11) measures the pressure, 
the corresponding transmitter (3) generates a time inter- 
val by performing a pseudorandom number calculation 
based on the measured pressure and its ID code. The 
pressure sensor (11) will measure the pressure each 
time the obtained time interval elapses. When each 
pressure sensor (11) measures the pressure for a pre- 
determined number of times, the corresponding trans- 
mitter (3) wirelessly transmits data. This system 
prevents the transmitters (3) from interfering with one 
another and facilitates the manufacture of the transmit- 
ters (3). 

Claims 

1. A transmitter (3) for wirelessly transmitting data 
regarding the inner pressure of a tire (2), compris- 
ing a pressure sensor (1 1) for measuring the inner 
pressure of the tire (2) and transmitting means (16) 
for wirelessly transmitting data including the meas- 
ured pressure, the transmitter (3) being character- 
ized by: 

first commanding means (12, 13) for com- 
manding the pressure sensor (11) to measure 



the pressure, wherein, every time the press-lire 
sensor (11) measures the pressure, the first 
commanding means (12, 13) obtains a time 
interval based on a pseudorandom number cal- 

5 culation using at least data representing the 

pressure measured by the pressure sensor 
(11), and wherein the first commanding means 
(12, 13) commands the pressure sensor (1 1) to 
measure the pressure after the computed time 

w interval has elapsed; and 

second commanding means (14) for com- 
manding the transmitting means (16) to wire- 
lessly transmit the data every time the pressure 
sensor (11) measures the pressure for prede- 

15 termined number of times. 

2. The transmitter (3) according to claim 1 , wherein 
the transmitter (3) has its own ID code, and the data 
wirelessly transmitted by the transmitting means 

20 (16) represents at least the pressure measured by 
the pressure sensor (11) and the ID code, and 
wherein the first commanding means (12, 13) per- 
forms the pseudorandom number calculation using 
the data representing the pressure measured by 

25 the pressure sensor (11) and the ID code. 

3. The transmitter (3) according to claims 1 or 2, 
wherein the pseudorandom number calculation 
generates a random delay time, and the first com- 

30 manding means (12, 13) adds the random delay 
time to a predetermined time period and sets the 
resultant sum as the measuring time interval. 

4. A method for wirelessly transmitting data regarding 
35 the inner pressure of a tire (2) from a transmitter (3) , 

characterized by: 

measuring the inner pressure of the tire (2) at 
random time intervals, wherein, each time 

40 interval is generated based on a pseudoran- 

dom number calculation using at least data 
representing the measured pressure, and 
wherein the pressure is measured when each 
time interval elapses; and 

45 wirelessly transmitting data including the 

measured pressure every time the pressure is 
measured for predetermined number of times. 

5. The method according to claim 4, wherein the 
so transmitter (3) has its own ID code, and the data 

wirelessly transmitted by the transmitter (3) repre- 
sents at least the measured pressure and the ID 
code, and wherein the pseudorandom number cal- 
culation is performed using the data representing 
55 the measured pressure and the ID code. 

6. A tire air pressure monitoring apparatus having a 
plurality of transmitters (3) for wirelessly transmit- 
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ting data regarding the inner pressures of respec- 
tive vehicle tires (2) and a receiver (4) for receiving 
the data wirelessly transmitted by the transmitters 
(3), wherein each transmitter (3) has its own ID 
code, and wherein the data transmitted from each 5 
transmitter (3) represents at least the measured 
pressure and the ID code, the apparatus being 
characterized by; 

a memory (22, 23) located in the receiver (4), 10 
wherein the memory (22, 23) includes a regis- 
tration ID table for registering the ID codes of 
the transmitters (3) and reception count values, 
each reception count value (Cx) corresponding 
to one of the ID codes, wherein each reception is 
count value (Cx) is used for judging whether 
the corresponding ID code registered in the 
registration ID table is valid; 
an initializing switch (27) connected to the 
receiver (4), wherein the initializing switch (27) 20 
is manipulated for initially registering the ID 
codes, which are contained in data received by 
the receiver (4), in the registration ID table; and 
a controller (20) located in the receiver (4), 
wherein, when a registration based on the 25 
manipulation of the initializing switch (27) is 
performed, the controller (20) sets each recep- 
tion count value (Cx), which corresponds to 
one of the initially registered ID codes, to pre- 
determined maximum count value. 30 

7. The monitoring apparatus according to claim 6, 
wherein each transmitter (3) transmits data at pre- 
determined time intervals, and wherein, when any 

of the ID codes, which have been registered in the 35 
registration ID table, is not received for a predeter- 
mined reference period, the controller (20) decre- 
ments the reception count value (Cx) 
corresponding to the unreceived ID code. 

40 

8. The monitoring apparatus according to claim 7, 
wherein, when any of the reception count values 
(Cx) reaches a predetermined minimum count 
value, the controller (20) judges that the corre- 
sponding ID code is invalid. 45 

9. The monitoring apparatus according to claim 8, 
wherein the memory (22, 23) has a backup ID table 
for storing backup ID codes, and wherein the 
backup ID codes are different from the ID codes so 
that have been registered in the registration ID 
table. 

10. The monitoring apparatus according to claim 9, 
wherein the maximum number of backup ID codes ss 
stored in the backup ID table is predetermined, and, 

if an ID code that is not included in the registration 
ID table or in the backup ID table is received after 



the number of backup ID codes stored in the 
backup ID table reaches the predetermined maxi- 
mum number, the backup ID code that was 
received earliest is deleted from the backup ID 
table. 

1 1 . The monitoring apparatus according to claims 9 or 
10, wherein, when an ID code that is the same as 
one of the backup ID codes stored in the backup ID 
table has been received for a predetermined maxi- 
mum number of times, the controller (20) judges 
that the backup ID code is valid. 

12. The monitoring apparatus according to claim 11, 
wherein, when one of the reception count values 
(Cx) becomes less than or equal to the predeter- 
mined minimum count value and an ID code that 
matches one of the backup ID codes stored in the 
backup ID table has been received for the predeter- 
mined maximum number of times, the controller 
(20) deletes the ID code corresponding to the 
reception count value (Cx) that is less than or equal 
to the minimum count value from the registration ID 
table and newly registers the backup ID code that 
has been received for the maximum number of 
times in the registration ID table. 

13. The monitoring apparatus according to claim 12, 
wherein the controller (20) sets the reception count 
value (Cx) corresponding to the newly registered ID 
code to the maximum count value. 

14. The monitoring apparatus according to claim 9, 
wherein, when an ID code corresponding to a 
reception count value (Cx) that is smaller than the 
maximum count value is received, the controller 
(20) increments the corresponding reception count 
value (Cx). 

15. The monitoring apparatus according to claim 14, 
wherein, when the reception count values (Cx) cor- 
responding to all the ID codes stored in the registra- 
tion ID table have been incremented to the 
maximum count values, the controller (20) deletes 
all the backup ID codes from the backup ID table. 
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